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1 INTRODUCTION.

The new form of the selective address secondary surveillance
radar (SSR). Mode-S. has the capability of passina data both up
and down between the ground and individual aircraft. In each
2nterrooation of an aircraft and in its reply. 56 bits of data
can be passed and several interrooations or replies can be

associated to pass longer messages. With this limited data . -

transfer capacity an efficient method of coding is required.

Mode-S is at present passing through the process of
definition and approval by the International Civil Aviation
Organisation in an expert Panel. the SSR Improvements and

Collision Avoidance Systems Panel (SICASP). The codino scheme
chosen for passing ATC tactical and strategic messaaes will use
word and phrase dictionaries which will be defined in ICAO
Standards and Recommended Practices (SARPS) and be useable
worldwide. With many airlines, ATC authorities and
manufacturers of equipment involved. an underlving concern in
the proceedinos of SICASP has been the need to devise a system

which is certifiable and which can be implemented in a rane of
avionic desians.

SAPPS define the sionals-in space but avoid defining the
computer hiah level lanouaae or the hardware in order to permit
technical orowth and development. The intention is to allow a
manufacturer of avionics to continue to desian his equipment as
he prefers to do, to use whatever hiqh level lanouaae he
chooses and yet ensure that the dictionaries and any
codino'decodina looic is implemented in a uniform way with a
defined response time.

This paper seeks to add improvements to the method of
phrase codino suaaested in Ref.2 which has arisen out of the....,
experience of building an experimental Mode-S data link at
RSRE. The comments and the additions which are recommended are
based on the current staae of Mode-S definition which is
represented bv Ref.1.

2 THE DICTIONARY.

The messages which may be passed on an ATC data link may
include alpha-numeric text and numerical data. Each messaae is
called a phrase and is defined in a dictionary and referred to
by a dictionary entry number. There may also be a number of
dictionaries which may refer to different applications or to

areas of the world, each referred to by a dictionary number.
0.

The dictionaries of phrases will be approved by ICAO so •
that they may be universally applicable in any ATC reoion which
chooses to incorporate a data link for ATC purposes. This

4
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means that each phrase wll go throuah a process of approval by

ICAO and implementation by a manufacturer. The implementation

must be error free and so it is proposed that the paper

definition which is approved should also be the codina

definition for the computer programmer. The code which is

produced should be in a form which can be implemented in any

computer in a standard way.

The paver definition must be easily readable and

unambiauous but understandable by a computer. In Section 3.

the proarammina lanauage which will permit this is described

tooether with its formal specification. It is suggested that

this renders the phrases readily understandable. more so than a

lanauaae like BASIC. so that each phrase can be discussed by

non-computer specialists.

A list of phrases for experimental use has been drawn up

and is shown in Table I in plain English. It has arisen out of

studies at RSRE of computer assistance for the air traffic

controller who has to manaae arrival traffic and out of other

studies of the use of a data link for passing aircraft and

meteorolooical parameters. The list is not meant to be

compiete.

pi

3 THE PHRASE PROGRAMMING LANGUAGE.

3.1 DESIGN APPROACHES

As o,,tlined in Ref.2 there are at least three aporoaches to the

desion of a phrase lanauaae processor:

a) conventional compiler

b) conventional interpreter

c) hybrid translator/interpreter

Approach a) may be dismissed on two counts. Firstly. each
individual phrase would be compiled into an obiect routine that
would be stored in a phrase program dictionary and executed as

a subroutine. This would inevitably lead to very large
proorams. Secondly. The program logic to process the phrases
would not be resident in the target processor. This would
obviously increase the problems of control and certIfication.

Approach c) was the design chosen in the referenced paper.

this was an obvious choice for that particular application
hearina in mind the outlined advantages. These are that the
source lanouaoe could be parsed off-line; the pseudo-code

(p-code) instructions could be designed for maximum effIciencv
when accessed by the interpreter in the taraet machine; and the
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branch destinations could be pre-computed. Finally the
translator is obviously portable since it only relies on a
p-code interpreter for each particular target machine.

Approach b) was chosen for the design of the language
processor described in this paper. The design is similar to
approach c) as far as interpreting the source phrase code
within the taroet processor. The source phrase lanauage is
defined with 5 operators that each take one or two parameters
plus the 'END() operator. This keeps the language consistent "

and it is therefore easy to interpret at run time. The
criticisms, by the referenced paper, on this approach are duely f,.
noted but because of the compact nature of the source language
the parsing. syntax checking and branchina does not require
excessive execution time', certainly for experimental

purposes. The other details for this approach are outlined
below:

2).A sinole source language can be used to implement the
chosen desion. In this case CORAL 66 was used because of
the authors familiarity with the lanauaae and compatibility
with other programs.

ii) it was important to complete the proiecL with a working
demonstration of the lancuaae processor as ouxcklv as
pcssible.

iii) The speed of interpretina the source phrase language
was not of maior importance since the completed proiect
will be a around based research demonstration of a data

link.includina the coding rules, on a VAX 21/780.Iiv) A future development could introduce the intermediate
step of p-code to produce a translator/interprter hybrid
system quite easily.

3.2 PHRASE PROGRAM SOURCE LANGUAGE

This section will highlight some improvements to the Phrase

Proaram Source Lanauaoe defined in Ref.2 and then the improved
version will be described concludinq with a formal definition
of it.

3.2.1 Supgested Improvements -The referenced paper seems to

assume that a phrase program should be presented in the form of

a BASIC type language. It is suggested that it would be
preferable to define the Source Language. as much as possible.
in plain Enalish in order to improve its legibility. To

6
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accomplish this the lanauaoe structure should be based on a

high level language.

To illustrate the possible improvements the example phrase
program source file which is quoted in Ref.2 will be studied.

10 FIX 150 ;CLEARED TO-
20 VAR (1-6) POSBIN ;,LEAE.TO-.e.

30 CTL (7) POSBIN
ON (1) GOTO 40
ON (0) GOTO 60

40 FIX 160 ;LEFT
5o GOTO 70
60 FIX 170 ;RIGHT
70 FIX 180 ;WIND •
80 VAR (8-16) POSBIN
90 FIX 190
100 VAR (17-23) POSBIN

*110 CTL (24) POSBIN
ON (1) GOTO 120
ON (0) GOTO 140

120 FIX 200 :GUSTING •

130 VAR (25-31) POSBIN
140 END
150 DATA " CLEARED TO START ENGINES EXPECT RUNWAY
160 DATA LEFT

170 DATA - RIGHT
180 DATA " WIND
190 DATA ,"
200 DATA GUSTING

• .',..

Comments on this are as follows.

i) The FIX() operator references a line number to access
the ASCII strino. An obvious improvement would be to
define the strino as part of the operator. substitutinq
this for the line number. This would reduce program
searching and improve phrase leaibility. Another
associated improvement is that comments become redundant
since they were used to show the string being stored at the
line number being referenced.

ii) The phrase prooram example makes extensive use of the
GOTO statement. It is considered 'bad practice' to use
this statement in programing and so it would be better to
remove it from the Source Program Language. This may be :' ,
accomplished by introducing the high level language "case
statement'. This case statement could also cover the ELSE
structure thus also making the ELSE statement redundant.

7
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iii) The improvements in i) and ii) would mean that line
numbers become unnecessary so that the phrase programs may

be written in free format.

Another set of improvements to the phrase program may be made "
to the consistency and compactness of the source lanauaae.
This improves not only their leibility but also the ease with -.-

which the phrases may be processed.

) It appears that unnecessarily lona. 5 and 6 character.
words are used to define simple data types. ie POSBIN.
SIGNED. ALPHA and ASCII. It would be better to use sinale

character identifiers.

ie. U = Unsigned. S = Sioned. A = Alpha. = ASCII.

This improves readability and it reduces phrase
processing time considerably.

ii) The bit numberina of the VDF (Variable Data Field) and
CDF (Control Data Field) are defined as

(<firstblt> - <lastbit>).

However. since a message is always processed
seauentiallv the position of the field becomes redundant if
the field size is defined instead and a running total of
the start-bit position is kept.

iii) Each of the operators VAR(). CNT() and ON() can accept
either 2 or 3 parameters dependina on whether a sinole
value or range of values is being specified. Also most of
the ten operators take different types of parameter. it
would be more convenient if each operator was to take the
same number and type of parameter. Thp lanouace could be

defined so that the only parameters to be accepted by an
operator would be (<value><datatvpe>).This would improve

leaabilitv as well as facilitating with the process of
interpretation.

3.2.2 Improved Language Definition - The definition of the
improved Phrase Program Source Language contains all of the
above recomendations and may be completely defined with the . •4
followino 6 operators:

FIX()
VAR()

CNT()
ON()
TO()
ENDO )

8 -. -
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The two operators that process VD~s or CDFs. VAR() and CNT().
take the same two parameters definino the size and data type of ''

the variable.The two case statement index operators. ONO) and
TO(), take the index and its data type as their parameters. Of
the remaining two operators. FIX() accepts the ASCII strino ana
the ENDO) operator has no parameters.

The improved Phrase Program Source Language is
demonstrated with the phrase example used above.

I i0 Phrase format:
cleared to start engines

expect runway -RIGHT wind xxx/yy gusting zz
-LEFT xxx/yv zz

ii) Phrase example:
cleared to start encines

expect runway 22 right wind 215/20 ousting 30

12) Dictionary entry:
FIX("CLEARED TO START ENGINES EXPECT RUNWAY "

VAR( 6U)
CNT( t)

ON(OU)FIX(" LEFT "

ON(lU)FIX(" RIGHT *

FIX(" WIND)
VA( 811)
FIX("/")
VAR(C U)

CNT(It)
ON(IU)FJX(" GUSTING "

ON( lU)VAR(6U)
ENDO)

Another likely ATC phrase is shown below :A

0) Phrase format:
xx Nmiles to BCN change SPD to y KNOTS
xx BCN HDG to vvv DEGREES
xx BCN HT to FL vvv

11) Phrase example:
20 Nmiles to LAM change HDG to 220 degrees

ii2) Dictionary entry:
VAR( 7U)

FIX(" Nmiles to "

FIX(" chance"
CNT(3U)ON FI" PDt)

ON(1U)FIX(" HOG to")

ON(2V)FIX(" HT to FL '

9
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VAR(9U)

ON(OU)FIX(" knots ")

ON(WU)FIX(" degrees ")

ON(2U)TO(7U)FIX(" error")
END( ).-. i.

In this phrase there are two instances of the case
statement using the same CDF. By using the rule thot ONt)
operators must compare the last value assigned to the CDF.
duplication of the CNT() operator may be avoided.

The source language case statement structure may be
described with reference to the example above. The case index.
le. the 3 bit CDF value returned by the CNT() operator. is
compared with the first ON() operator aroument. ie. value 0.
If this condition is satisfied then the operator which follows.
ie. FIX("SPD TO"). is interpreted. Otherwise the next ON() ._
operator argument is tested. ie. value I. This process - -
continues until either a condition is met or there are no more
ON() operators. When a TO() operator is located after the ON()
operator the case index is compared to the inclusive range
between the arguments. ie. value 2 to 7. If this condition is
satisfied, the operator following is interpreted. ie.
FIX("error").

A limitation of the present language definition is the
fact that the case statement only allows a single operator to
follow the ON() operator. This structure has been sufficient
for all ATC phrases considered thus far. To overcome this
linmitation a case statement delimitina operator could defined. L

The language definition ignores scaling operations and
fractional digits, although these could be included at a later
date.

3.2.3 Formal Definition - The formal definition of the
lanouaae is now given. The syntax of the "meta - language" is

shown below:
means "is replaced by"

C I enclose an optional field
< > enclose programmer-specified fields

are to be included in statements as shown

1. FIX:
FIX ("<ASCII strino>") - .

2. VAR
VAR (<number bits><data-tvpe')..

10
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<data type> :=U/SiAI@

(unsicned-2nteaer.sioned iteaer~alhpa.ASCIII

3. CNT
CNT (<number bits><datatvpe>)

<data _ tpe> :=UIS/A/@
Eunsioned.inteer.sionet _ nteaer.alhpa.ASCIl'

4. ON:
ON ((Clower) _ lmit><data tvpe>)

where:
<liMIt> E unsioned inteaer/

sioned-inteaeri
alpha...character/alpha characters
ASCiII character/ASCII characters I

<data tvpe> ::= tJISIAf

lunsianed-inteper.sianed _inteaer.alhpa.ASC'1)

5. TO:
TO (<[upper] lxmxt><data _tvpe>)

where:-
<lirrit : C unsianed 2nteaer/

s iared inteaer I
alpha character/alfpha characters
ASCII _character/ASCII-characters I

Eunsianed-lnteaer.sianed _ nteaer.alhoa.ASCII)

6. END: 
'

END(C

FRanoes:
unsigned-inteaer : 0 ->1023

sianed _ nteoer :=-511 ->512

alpha _character := A --

ASCII-_character :=ETX ?>

A;..~ .



4 EXPERIMENTAL IMPLEMENTATION

4.1 The Language Processor Design

In the full implementation it is envisaged that a dictionary
structure similar to that described in Ref.2. will be
incorporated. However. this phase of the proiect was completed
usina the simple structure of a 1-dimensional array to simulate
the dictionary. Also. in this first staae. only a single
dictionarv was used and so the ADS field was not included F.
neither was the mechanism for linking phrases.

4.1.1 The Decoder. - The main part of the language processor

is the DECODER section. This receives the uplink message.
processes the variable message fields. in association with the
relevant dictionary entry to produce the original phrase and
displav it on the console.

The dictionary pointer is set by the first field of the
message as it is read in from the internal buffer. > .

The DECODER routine is coded as a continuous loop which
stops when either the END() operator is located or an error
occurs. The next function code is fetched from the dictionary
by calling the NEXT FUNCTION CODE routine. This function code
selects the operator section of code to pass control to. The
operator parameters are read from the dictionary and 7'
interpreted to give the following; "

String address from FIX()
Number of bits. data type from VARO). CNT()
Index. data type from ON(). TO()

The chosen operator routine (ie. FIX. VAR. CNT. ON) is
called and processes the information in the followino ways;

* The FIX routine accepts the string address as its parameter
and displays the passed string on the console.

The VAR routine extracts the message VDF and converts it
from its coded form (Unsigned. Signed. Alpha. ASCII) into
its equivalent string and displays it by calling the FIX
routine.

* The CNT routine extracts the value from the messaae CDF and
sets the case index to this value. '. .-

m The ON routine parameter is used as a condition test
against the case index. If the condition is satisfied then
the operator following. either the ONO) or TO() operator.
is interpreted otherwise it is ignored. This ONO) routine -

12
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compares the case index with the range of values between a

lower and an upper limit. When a single ON() operator is

* interpreted both the upper and lower limits are set to the

" * ON() argument. If a TO() operator is following the ON() __-

operator, then the lower limit is set by the ONO) arcument - k

and the upper limit is set by the TO() argument.

C - *.. •

4.1.2 The Method Of Testing. - It was felt that to test the

lanauage processor thoroughly it would be necessary to r
construct many message test cases. If this were to be
accomplished by presettin individual bits in the form of hex
values. (cf Ref.2) this would become a laborious and error

prone task. Also. it would be difficult to check as well as

being awkward to demonstrate.

It was decided therefore to implement an ENCODER routine.
This was based on the same desian lines as the DECODER routine
except the ENCODER solicits from the user the values to be set
in the messaae fields.

For research purposes it is necessary to be able to modify
the list of phrases in a convenient manner and so to accomplish .
this a phrase file was used to store the present set of phrases
used for testing. Each phrase is laid out in free format with
its associated phrase number at the beginning of the line, as
shown in Table 2.

* A CREATE DICTIONARY routine reads in the phrases, removes
the layout characters and stores the remainina characters in a
I-D array. The phrase number -naps to its associated dictionary
pointer. pointing to the start of the phrase.

A further consideration was to allow the tester to view
the phrase format while inputting field values. To enable this

a call is made to the DISPLAY PHRASE routine with the phrase
number as its argument. Finally the completed messaae is
displaved in binary and octal format for reference purposes.
Refer to the hard copy example of a testing session, Fig 1.
which shows the phrase example as it was prepared. Fig la.and
as it was displayed after decoding. Fig lb.

i
This coding project was initiated as part of the datalink

proiect. It seemed therefore appropriate to use the

impl-mentation of the datalink software to send the encoded

message to be decoded. The system works in the following way;

Refer to the ACP diagram Fig 2.

13
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1) Phrase file name selected.

11) Dictionary created by CREATE DICTIONARY routine.

121) Phrase selected by number.

iv) Phrase displayed to user by DISPLAY PHRASE routine.

v) Values for VDF and CDF solicited and coded by ENCODER
routine.

vi) Completed message displayed.

vii) Message written to global buffer by PRODUCER routine.

viii) SYSTEM I transceiver transmits messaqe via local PAD.

ix) SYSTEM 2 transceiver receives messaae via local PAD.

x) Message read from global buffer by CONSUMER routine. .

xi) VDF and CDF message fields processed and decoded by
DECODER routine.

xii) Phrase displayed on console.

The PAD is an X25 Packet Assembler/Disassembler connection
to a communications line.

The ENCODER routine becomes a constituent part of the
PREpare MESSaae sub-process that uses the PRODUCER routine to
fill the transmit buffer for SYSTEM 1. Meanwhile. the DECODER
routine becomes a constituent part of the DISplay MESSaae
sub-process that uses the CONSUMER routine to empty the receive
buffer for SYSTEM 2.

An identical dictionary had to be produced for both the
ENCODER and DECODER routines to access. This was done by usina
the same phrase file as input for the CREATE DICTIONARY routine
in both the PREMESS and DISMESS sub-processes.

In the real world SYSTEM I represents the ground-based ATC""
system, while SYSTEM 2 represents the pilot data link
interface. The PADs would connect to the communications system
of the air-around data link.

4.2 TESTING.

In the referenced paper there is a particular emphasis on the
compact size of the language processor and its fast execution

14
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times. Obviously in this implementation any comparisons would

be meaningless. .7 .

All phrases in the example phrase file. Table 2. have been
tested with various appropriate values including the limiting
cases. In all cases the system has reproduced the original
phrase. typed in at the 'ATC console'. and displayed it
successfuly on the 'pilot console'. One present minor
limitation of the encoding routine is that it does not carry
out a comparison on the size of the value entered with the
number of message field bits available. It sets only the
number of bits defined and ignores those outside.

5 CONCLUSION

Some study and the practical experience of implementing a
phrase program has suggested some improvements. These should
enable the proposed method to be applied in as efficient a
manner as possible.

The work reported here has been part of a larger proiect
to investigate the system problems of operating an ATC data
link. This will cover both operational and engineering aspects
and so it was considered that it was rioht to make the
inmlementation of the message coding as close as possible to
the likely ICAO specification.
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ITurn xxx degrees
2. Expedite turn xxx degrees
3. Turn right xxx degrees
4. Expedite turn right xxx degrees
5. Turn left xxx dearees
6. Expedite turn left xxx degrees
7. Reduce speed to xxx knots
8. Increase speed to xxx knots
9. Maintain speed at xxx knots .

10. No speed restriction
11. Report your flight level xx miles before BCN
12. Next report at BCN
13. Descend to FLxxx
14. Expedite descent to FLxxx
15. Climb to FLxxx
16. Expedite climb to FLxxx
17. Resume own navigation at BCN
18. Hold on BCN
19. Release hold on BCN
20. XXX miles tc BCN chanae speed to vvy knots

heading to y degrees
height to FLvvv

21. xxx miles after BCN chanqe speed to yyv knots
heading to yyy degreesL
height to FLvy

22. Release from hold at time xx Hrs yy Mins zz Secs
23. Release from hold immediatelv
24. Change to RT frequency xxx.vy MHz
25. xxx miles from BCN cleared down to FLvvv
26. xxx miles from SCN cleared down to FLvyy at

time pp Hans ac Secs
27. Standard GMT is xx Hours yy Mans zz Svcs

Table 1. Experimental Phrase List

It*1~
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I F11"tur ")VAN(UMVI ("erees" I

2 FIE'"eypiditt turn ")VA#'StFII(" degrees")

3 FR1 mdtur r qt )VAR(9U )Fl1C' dog e grees

5 FlI("turn left ")VAR(9)FII(" deqroes') R

6 FII("ewpeditt turn left *)VAR(9U)FlX(" degrees")
EN(V)

7 F1J("rquce speed to ")YU(IUFII(" knots")

B Flincreaso speed to *)VAI(1LJFIXI knots*)

9 FJI("aajntain speed at ")V#A(U)FlI(" knots")

A10 FII(9io ATC speed restrictionm)

- 11 FlI(reoort ysir level ")YAD.(IU)Fll(u miles befor 8)VM(1A)

12 FIXrOnext report at ")VR(IBA)

13 FIX("d5C,"~ to FL*)YAR(9iJ)

14. FIZ(ftexpeditip descend to FLn)yAR(9U)

-1 is FII V'cl jab to FL")VARM9

16 F1("expedjte climb to FL")VAR(9U)

*17 FIX("resuae min navigation at II)VAR(ISA)

1& FlIC("hld on 'VARM1A)

19 FIX("release hold an ")VAR(IDA)
ENDO)

20 VAIMWFIX0 miles to "WVAR(ISAFIXI change ")CHT3J1
ON (OU)FIX("SPD to "

ON 'IU)FlX("W to "
ON (2U)FIX(nHT to FL") [ .

VAA(9U)
ON (00IX(I knots*)
ON M1)FIW( deg reeso)
OW (3J)TO(7U)F1(ft EMP)

21 Y(7U)FII miles after N)VAN1IAWFII" chawqe"01NT(RJ) 4
OIN (OU)IX( SPO 0)
ON (IU)FIXC" ND6 0)
ON (2J)FIR(" NY FL")

.4.ON (CDJFIN(O knots")
ON (IUFlIC degrooes)
ON (IJ1TO(7WF11" 13

Table 2 lbperivanrtal Diatia-ary Pile



ENDO)
22 FIV(Releas. from h~old at time: "I

YAP(4U)FIX(" M~rs ")VAR(WU)FIX(- Wins N)VAR(Wff]XV" Sss"
ENDO

23 F11r"Release from hold immediatly")
ENE') '

24 FIY("change RT freumy - ")VAR(8U)FIX(".")VAR(11WFI' M1z") .

ENDO
2S VAPUFIX(" miles from ")VAR(18AFIX(" cleared down to FL")VAR(9U)

*26 VAR(7U)FIIUO miles from "WA.R(Ma)FIN" cleared doqm to FLO)VARI!J)
FIX(" at time: ")VA(WU1I(* Wins *JVAR(W)FIX(" secs '

ENDO)
Z 7 F111"standard 6MT is i *)VAR(AU)FIX(" Mrs 0)VM(WFIX" Win% ")VAR(WW)IX(" gSj *

ENDp

Table 2 (canit)
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DOCLJMNT CONTROL SHEET
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